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were compared using single factor ANOVA (n¼10 knees) and correla-
tion analysis.
Untargeted analysis was used to reveal global changes in the
metabolome, whereas the targeted analysis focused on changes in
~40 metabolites involved in central energy metabolism. Comparisons
between UE and E mice were made using a false discovery rate (FDR)
of 0.05. Metabolite intensities ere compared for each group to
determine the effects of OA using ANOVA, principal components
analysis (PCA), and two-sample Kolmogorov-Smirnov (KS) dis-
tribution tests.
Results: Following day 10 of the exercise protocol, signiﬁcant differ-
ences in bioluminescence were found between both UE knee groups
and the EL knee group (Figure 1A). Signiﬁcant differences were also
identiﬁed between EL and ER knee groups. There was a signiﬁcant,
negative correlation with time after one week of exercise, suggesting
the onset of cartilage deterioration (Figure 1B-C).
Untargeted LC-MS analysis revealed distinct metabolic differences
between UE and E groups. Two-sample KS tests revealed signiﬁcant
differences between EL and ER spectra distributions (p< 0.05),
whereas no difference were found between UEL and UER dis-
tributions (p¼0.626) (Figure 2A). For UE mice, only 1 metabolite was
signiﬁcantly different in UER joints that was not found in UEL joints,
whereas 16 metabolites were distinct in UEL joints that were not in
UER joints (Figure 2B). For E mice, there were 176 signiﬁcant
metabolites in ER samples that were not found in EL samples,
whereas 280 metabolites in EL samples that were not in ER samples
(Figure 2B). PCA found distinct differences between sample groups
(Figure 2C).
Conclusions: The decrease in bioluminescent signal in the EL mouse
joints suggests the potential onset of OA and the ability to monitor
cartilage deterioration in vivo. The differences between EL and ER
joints suggesting the effectiveness for using this combined destabi-
lization surgery and intensive exercise model as an OA model. The
distinct differences in metabolite expression indicate further sepa-
ration of the two groups of mice. Future studies will examine
potentially causal metabolomic mechanisms by which cartilage
deteriorates.155
BIOMECHANICAL AND NEUROMUSCULAR LONGITUDINAL CHANGES
AT 2.5-3 YEARS WITH AND WITHOUT KNEE OSTEOARTHRITIS
J. L. Astephen Wilson, D.M. Ikeda, K.E. Costello, W.D. Stanish, C.L. Kozey.
Dalhousie Univ., Halifax, NS, Canada
Purpose: There is an emerging body of literature linking joint-level
biomechanics during gait with structural osteoarthritis (OA) knee joint
changes, and cross-sectional studies have established associations
between joint biomechanics during gait and structural OA severity. The
objectives of this study were 1) to examine alterations in knee joint
kinematic, kinetic and neuromuscular changes during gait after a 3 year
follow-up, 2) to examine any differences in joint-level changes between
asymptomatic adult controls and those diagnosed with mild to mod-
erate knee OA, and 3) to examine any differences in those who radio-
graphically progress with knee OA versus those who do not.
Methods: The three-dimensional gait patterns and surface electro-
myograms (EMG) of 23 individuals clinically and radiographically
diagnosed with mild to moderate knee OA and 18 asymptomatic adults
(n ¼ 41 participants total) were recorded for self-selected speed gait at
two time points, baseline and approximately 3 years later. Patterns of
three-dimensional knee angles and net resultant moments (Nm/kg)
were calculated. EMG for medial and lateral vasti (i.e. quadriceps),
hamstring and gastrocnemius sites were normalized to maximum
voluntary isometric contraction. Baseline and follow-up standing
antero-posterior radiographs were recorded within a month (þ/-) of
these visits and medial joint space narrowing was scored by an ortho-
pedic surgeon (WDS), with a one grade increase between time points
classiﬁed as OA progression. Shape and magnitude features of the
three-dimensional knee angle, net resultant moment, and EMG wave-
forms were captured using Principal Component Analysis. Each par-
ticipant’s waveforms were scored as a projection onto each feature
(PCscores). Two-factor analysis of variance examined main and inter-
action effects of OA disease presence and session (baseline, follow-up)
on the PCscores, with interpretation focused on session differences (a¼
0.05). Tukey post hoc analyses were performed on signiﬁcant ﬁndings.
Results: Average follow-up took place 2.9 years later (þ/- 0.2). There
were no statistically signiﬁcant differences in BMI or gait speed
between groups or sessions. One asymptomatic and three knee OA
individuals were classiﬁed as OA progressors at follow-up, or approx-
imately 10% of participants (Table 1). This number was insufﬁcient for
examining follow-up changes with progression.
Statistically signiﬁcant knee biomechanical changes were observed
between groups and sessions, with no signiﬁcant interaction effects.
Statistically signiﬁcant biomechanical alterations between sessions
included lower mid-stance knee adduction angles (P¼0.024), higher
peak knee ﬂexion moments in early stance (P¼0.02; Figure 1a), greater
difference between early stance external knee rotationmoment and late
stance internal rotation moment (P¼0.019; Figure 1b), and lower mid-
stance knee rotationmoment (20-40% gait cycle) (P¼0.003; Figure 1b) at
follow-up compared to baseline. EMG changes over time included a
higher overall activation of the lateral gastrocnemius (LG, P<0.0001,
Figure 1c), higher overall activation of the vastus lateralis (VL, P¼0.047)
and higher mid to late stance activation of the VL (P¼0.047) (Figure 1d).
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gression after 3 years, there were signiﬁcant joint-level biomechanics
and muscular activation changes during gait. These changes may be
age-related, however the change in age between sessions is small, and
some changes, including the higher lateral quadriceps activity, have
been related to OA severity. This suggests the potentially higher sen-
sitivity of biomechanical/neuromuscular gait metrics in deﬁning knee
OA progression than radiographic scores. Future work will involve
linking these shorter-term results to a longer-term examination of
radiographic progression to examine the relative sensitivity (i.e. earlier
detection of change) of gait mechanics compared to radiographic
scoring.Participant Demographics (mean þ/- standard deviation)
Asymptomatic ModOA
Baseline Follow-up Baseline Follow-up
MJSN (0:1:2:3:missing) 2:15:1:0:0 0:15:0:0:3 1:6:13:3:0 1:4:9:3:6
KL Score (0:1:2:3:4:
missing)
0:1:14:3:0:0 0:2:13:0:0:3 0:2:8:12:1:0 0:0:6:7:4:6
BMI 27.1 (4.4) 28.2 (4.7) 29.8 (4.9) 29.8 (4.4)
Speed 1.3 (0.1) 1.3 (0.1) 1.2 (0.2) 1.3 (0.2)
Age 49.8 (6.5) 52.7 (6.6) 56.5 (6.1) 59.5 (6.1)
Time from Baseline
(years)
2.9 (0.1) 2.8 (0.2)156
INFLUENCE OF WEIGHT BEARING VISUAL FEEDBACK ON MOVEMENT
SYMMETRY DURING SIT TO STAND TASK IN PATIENTS WITH HIP OA
J.Z. Zeni, Jr., S. Abujaber, F. Pozzi, A. Marmon. Univ. of Delaware, Newark,
DE, USA
Purpose: Weight bearing asymmetry during sit to stand task is com-
mon in individuals with hip osteoarthritis (OA) and after total hip
arthroplasty (THA). Individuals shift their weight to the non-affected
limb and unload the affected limb. This alteration reduces hip and knee
joint moments on the affected limb, and also likely reduces the mus-
cular demand from the hip and knee extensors, while increasing the
demand on the contralateral side. Including symmetry training in
rehabilitation programs for patients with hip OA may normalize
movement strategies during dynamic and challenging tasks. The pur-
pose of this study was to evaluate the acute inﬂuences of real-time
visual feedback of weight distribution on the interlimb joint movement
symmetry during STS in individuals with end-stage hip OA. We also
sought to determine whether the response to visual feedback wasinﬂuenced by physical impairments, such as pain or weakness of the
operated limb.
Methods: Thirty-four subjects with hip OA scheduled to undergo THA
participated in this study. Pain was assessed on a 0-10 scale. Subjects
underwent 3D motion analysis of STS task and completed 3 trials of STS
without visual feedback (“No visual feedback” condition) followed by 3
trials with visual feedback (“visual feedback” condition). Feedback
during STS was given through the use of a custom-written software
program that runs on a laptop computer. The input to the feedback
systemwas via two forceplates that transmit the force under each limb.
The visual display was on a monitor in front of patient, consists of two
cylinders for each limb that ﬁll or empty based on the percentage of
weight that is distributed to each limb (Figure 1).
The goal was to have the patients put equal weight between limbs
during the STS task with visual feedback. No cuing for movement
symmetry was provided in the “no visual feedback” condition. The
symmetry index was calculated during each condition and was deﬁned
as the difference between limbs (affected - unaffected) for the vertical
ground reaction force (VGRF), as well as peak hip and knee joint kine-
matics and kinetics in the sagittal plane. Subjects with differences
between limbs for VGRF that were less than 0.05 N/BWwere considered
to have symmetrical movement and were excluded from the analysis.
Paired tests were used to examine the change in symmetry index
between two conditions and effect sizes of the change in symmetry
were also evaluated. Pearson correlation analysis was used to examine
the relationship between physical impairments and the magnitude of
response to visual feedback.
Results: During the “no visual feedback” condition, subjects had sig-
niﬁcant interlimb differences for VGRF and joint kinetics (Figure 2).
